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(54) Hollow fiber membrane gas separation cartridge and gas purification assembly 


(57) A hollow fiber membrane gas separation appa- 
ratus of a compact design suitable for separation and 
purification of gases is disclosed. The apparatus com- 
prises an outer housing that consists of a detachable 
bowl and a head closure, and a removable hollow fiber 
membrane cartridge positioned therein. The cartridge 
contains several concentric separation zones and pro- 
vides for efficient countercurrent flow configuration be- 
tween the feed gas on the shell side and the permeate 
sweep gas on the lumen side of the hollow fiber mem- 
branes. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to a gas separa- 
tion apparatus, more particularly, to a gas separation ap- 
paratus using hollow fiber membranes that exhibit se- 
lective permeability to gases. The gas separation appa- to 
ratus of this invention features a compact housing and 
a removable hollow fiber membrane cartridge posi- 
tioned therein. The apparatus is particularly useful for 
dehumidifying compressed air and generating nitrogen 
enriched air. 15 

Description of the Related Art 

[0002] Fluid separation devices for separating com- 
ponents of a fluid mixture by using hollow fiber mem- 20 
branes having a selective permeability are used in a 
number of industrial separations including gas separa- 
tions; dialysis, ultrafiltration, reverse osmosis and the 
like. The design of the hollow fiber fluid separation de- 
vices of these fluid separation applications is taught in 25 
US Patents 3,722,694; 4,451,369; 4,622,143; 
4,623,460; 4,670,145; 4,707,267; 4,781,834; 
4,865,736; 4,871,379; 4,881,955; 4,929,259, 
5,137,631; 5,211,728; and 5,470,469. 
[0003] In general, a hollow fiber fluid separation ap- 30 
paratus is comprised of a bundle of hollow fibers consti- 
tuted within a casing. The bundle is potted with a resin- 
ous potting agent at the terminal ends to form 
tubesheets that provide for a fluid-tight seal between the 
feed and permeate sides. The resulting bundle is se- 35 
cured removably or permanently in the casing such that 
the tubesheets divide the casing volume into feed and 
permeate sections. 

[0004] The use of various hollow fiber membrane gas 
separation devices for separating gas mixtures, such as 40 
separation of oxygen from nitrogen, recovery of hydro- 
gen from hydrogen-containing gas streams, natural gas 
sweetening and dehumidification of compressed air is 
well known in the art. Normally, these separation devic- 
es are designed so that the gas mixture can be brought 45 
into contact with the hollow fiber membrane therein un- 
der a partial pressure differential one or more highly per- 
meable components of the fluid mixture are separated 
from the less permeable components by permeation 
through the membrane. The hollow fiber membranes al- so 
low the more readily permeable component of the fluid 
mixture to permeate into the permeate side of the hollow 
fiber membrane while retaining a substantial portion of 
the less readily permeable component of the fluid mix- 
ture on the nonpermeate side of the hollow fiber mem- 55 
brane. The permeated and the nonpermeated compo- 
nents are removed through or recovered from at least 
one permeate outlet and at least one nonpermeate out- 


let, respectively. 

[0005] In some instances the membrane gas separa- 
tion devices (assemblies) are designed to provide a 
purge or a sweep gas on the permeate side of the mem- 
brane. The use of a sweep gas on the permeate side of 
the membrane is beneficial in certain gas separation 
processes, such as gas dehydration processes, since it 
decreases the permeate side partial pressure of the 
more highly permeable component, thus allowing the 
gas mixture to be more thoroughly stripped of the more 
readily permeable component. The sweep gas typically 
flows countercurrently to the direction of the feed / non- 
permeate flow. The use of a dry sweep gas can improve 
the product gas dryness as well as the productivity of 
the membrane device. A portion of the dry product gas 
is frequently utilized as the sweep gas generating an in- 
ternal reflux system. The gas separation assembly that 
provides for sweep or purge gas introduction generally 
comprises an annular hollow fiber membrane bundle in 
an enclosure or a shell having a fluid feed inlet, a non- 
permeate outlet , a permeate outlet and a sweep or 
purge gas inlet. Examples of such membrane assem- 
blies can be found in U.S. Patents 3,499,062; 
3,735,558; 4,718,921; 5,108,464 and 5,026,479. These 
fluid separation devices, however, require the use of ex- 
ternal plumbing and valves to regulate the flow of the 
sweep gas to be fed to the sweep gas inlet port. The 
need to manifold the dry sweep gas external to the gas 
separation apparatus adds to the size and the complex- 
ity of the device. Several attempts have been made to 
provide an internal sweep gas arrangement and an in- 
ternal sweep gas flow control. U.S. Patents 5,411,662 
and 5,525,143 disclose such integral hollow fiber mem- 
brane devices. 

[0006] It is well known in the art to employ hollow fiber 
membrane modules that consist of multiple internal 
zones and multiple stages. Such arrangements are em- 
ployed to provide multiple purity products from a single 
membrane device, to improve module performance, 
and to introduce sweep/recycle arrangements. Exam- 
ples of these module arrangements can be found in US 
Patents 4,220,535; 4,676,808; 5,160,042, and 
6,153,097. In US Patent 5,013,437, a hollow fiber mem- 
brane fluid separation device adapted for bore side feed 
that contains multiple concentric zones is described. 
The device can produce an improved purity nonperme- 
ate product stream. The permeate on the shell side of 
the device is controlled to maximize concentration gra- 
dients along the hollow fibers, thus enhancing the flow 
of permeate on the shell size of the device and rendering 
the device more efficient. 

[0007] In US Patents 4,929,259; 4,676,808, and 
5,169,530, hollow fiber membrane separation modules 
are described that contain a discreet zone formed by 
baffles placed in concentric or radial configurations. The 
baffles improve fluid contact with hollow fiber mem- 
branes. In US Patent 5,158,581, a hollow fiber mem- 
brane module is described having segregated active 
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surface regions. In US Patent 5,288,308, a multiple- 
stage countercurrent hollow fiber membrane module 
with shell-side feed is described. The module contains 
multiple separation stages and the means of withdraw- 
ing two permeate streams. The apparatus further con- 5 
tains provisions for redirecting a fraction of one perme- 
ate stream as a sweep to the second permeate zone 
through a conduit external to the hollow fiber module. 
The design of a hollow fiber membrane gas separation 
apparatus is usually tailored towards specific gas sep- 10 
aration processes. For example, a process that requires 
the use of a fraction of the nonpermeate gas as a sweep 
on the permeate side of the hollow fiber membrane uti- 
lizes a membrane cartridge and a housing enclosure 
that are substantially different from an apparatus used 15 
in a process that does not require the use of the sweep. 
Furthermore, the cartridge and the housing frequently 
cannot be used interchangeably for a number of differ- 
ent gas separation applications or, in some instances, 
even f orthe same gas separation application that simply 20 
requires a different level of product purity. This leads to 
a proliferation of specialized and frequently unique hol- 
low fiber membrane devices currently employed in the 
field of gas separations. 

[0008] The membrane gas separation apparatus is 25 
frequently utilized in conjunction with prefiltration equip- 
ment, such as coalescing filters, that remove oil and wa- 
ter droplets and a carbon trap that is used to remove 
heavy hydrocarbon vapors that can be harmful to mem- 
brane operation. The prevailing designs of membrane 30 
gas separation assemblies frequently make it more dif- 
ficult to integrate the membrane device with the prefil- 
tration equipment into a single compact gas separation 
unit. Thus there still exists a need in the art for a hollow 
fiber membrane gas separation apparatus of a simple 35 
design that can be used interchangeably in a number of 
different gas separation processes, including processes 
that require the use of a fraction of the product gas as 
a sweep and that can be integrated with the standard 
gas filtration equipment into a compact, functional gas 40 
separation system. 

[0009] It is well known in the art that hollow fiber mem- 
brane module performance can be improved by increas- 
ing module length-to-diameter ratio (high aspect ratio), 
particularly for high-purity nonpermeate product gener- 45 
ation. However, long modules can make it difficult to 
construct compact systems. 

[0010] It is thus an objective of this invention to pro- 
vide a compact hollow fiber gas separation module with 
low length-to-diameter ratio that provides an improved so 
performance for high-purity nonpermeate product gen- 
eration. 

[0011] It is another objective of this invention to pro- 
vide a hollow fiber membrane cartridge that can be in- 
terchangeably installed into a standard gas filtration 55 
housing and functionally employed in a manner analo- 
gous to that of the standard gas filtration equipment. 
[0012] It is another objective of this invention to pro- 


vide a hollow fiber membrane gas separation apparatus 
that can be used in a number of different gas separation 
applications, including processes that utilize a fraction 
of the nonpermeate gas as a sweep internal to the de- 
vice and are capable of generating end products of dif- 
ferent purity with no modification to the housing and only 
an external adjustment to the membrane cartridge. 
[0013] It is a further objective of this invention to pro- 
vide a modular hollow fiber membrane gas separation/ 
purification apparatus with feed gas inlet and product 
gas outlet interfaces that can be easily integrated with 
the gas prefiltration and post purification equipment into 
compact gas separation / purification systems. 

SUMMARY OF THE INVENTION 

[0014] According to one embodiment of the present 
invention, th e above objectives and other objectives that 
are apparent to those skilled in the art are achieved by 
a gas separation apparatus comprising: 

(i) a housing body defined by an essentially cylin- 
drical bowl connected in a sealed and removable 
manner in correspondence with its axial end portion 
to a lid, wherein said lid having formed therethrough 
a feed gas inlet port and an outlet nonpermeate gas 
port and wherein said bowl being provided with a 
permeate gas exit port placed coaxially to said 
housing body, and (ii) a substantially cylindrical hol- 
low fiber membrane gas separation cartridge 
placed coaxially in said housing body and connect- 
ed in a sealed and removable manner with its first 
axial end to said feed gas inlet port or nonpermeate 
gas outlet port in the lid and with its second axial 
end to said permeate gas outlet port in the bowl said 
cartridge includes: 

(a) an elongated tubular inner core member, 

(b) a substantially cylindrical hollow fiber mem- 
brane bundle surrounding said inner core mem- 
ber constructed from hollow fiber membranes 
having permeate and nonpermeate sides, said 
bundle being characterized as having a sub- 
stantially countercurrent flow arrangement be- 
tween the gas flow on said permeate side and 
the gas flow on said nonpermeate side, 

(c) two tubular tubesheets encapsulating both 
ends of the said hollow fiber bundle in a fluid- 
tight arrangement with one end of the innercore 
member opening out of one of the said 
tubesheets to permit the flow of gas in and out 
of said inner core member and wherein atleast 
one of said tubesheets is severed to permit un- 
obstructed flow of gas in and out of the hollow 
fiber lumens, 

(d) a first and second end closure attached to 
said tubesheets in a fluid-tight arrangement 
wherein said first end closure is in fluid commu- 
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nication with said waste gas exit port, and 
wherein said second closure is equipped with 
a flow control orifice that allows a portion of the 
nonpermeate gas to be used as a sweep gas 
on the permeate side of said hollow fibers. 5 

[0015] According to another embodiment of the 
present invention, the above objectives and other ob- 
jectives that are apparent to those skilled in the art are 
achieved by gas separation apparatus comprising: (i) a io 
housing body defined by an essentially cylindrical bowl 
connected in a sealed and removable manner in corre- 
spondence with its axial end portion to a ltd wherein said 
lid having formed therethrough a feed gas inlet port and 
a nonpermeate gas outlet product port, and wherein 15 
said bowl being provided with a permeate gas exit port 
placed coaxially to said housing body, and (ii)a concen- 
tric multiple zone hollow fiber membrane cartridge 
adapted for shell side feed placed coaxially in said hous- 
ing body and connected in a sealed and removable 20 
manner with its first axial end to said feed gas inlet port 
or said nonpermeate outlet port in the lid and with its 
second axial end to said permeate gas outlet port in the 
bowl, said cartridge includes: 

25 

(a) an elongated tubular inner core member in com- 
munication with said feed gas inlet port or said non- 
permeate gas outlet port, 

(b) a substantially cylindrical hollowfiber membrane 
bundle positioned coaxially to and at least partially 30 
surrounding said inner core member constructed 
from hollow fiber membranes having permeate and 
nonpermeate sides, said bundle being character- 
ized as having a substantially countercurrent flow 
arrangement between the gas flow on said perme- 35 
ate side and the gas flow on said nonpermeate side, 

(c) a first and second tubesheet encapsulating the 
opposite ends of said hollow fiber bundle in a fluid- 
tight arrangement with one end of the inner core 
member opening out of one of the said tubesheets 40 
to permit the flow of gas in or out of said inner core 
member, said tubesheets are severed to permit un- 
obstructed flow of gas in and out of the hollow fiber 
lumens, 

(d) at least one impermeable wall member extend- 
ing longitudinally through said bundle and partition- 
ing said bundle into at least the first and second sec- 
tion with the hollow fiber membranes partitioned be- 
tween the said sections, wherein said impermeable 
wall member contains a passageway in close prox- so 
imity to one of said tubesheets, 

(e) the first and second end closure attached to said 
tubesheets in a fluid-tight manner wherein said first 
closure is in fluid communication with said perme- 
ate gas exit port, and wherein said second closure 55 
is equipped with a flow control orifice that allows a 
portion of the nonpermeate gas to be used as a 
sweep gas on the permeate side of said hollow fib- 


ers. In some embodiments the flow control orifice is 
omitted. 

BRIEF DESCRIPTION OF DRAWINGS 
[0016] 

Figure 1 is a sectional view of a hollow fiber mem- 
brane gas purification /separation apparatus in ac- 
cordance with one embodiment of this invention, 
wherein the feed gas is introduced internally to the 
hollow fiber membrane cartridge and the product 
gas is removed externally of the hollow fiber mem- 
brane cartridge, and a portion of the purified non- 
permeate product gas is used as a permeate side 
sweep, the fraction of the product gas utilized as the 
sweep being controlled by an interchangeable flow- 
control orifice. 

Figure 2 is a sectional view of a hollow fiber mem- 
brane gas purification / separation apparatus in ac- 
cordance with another embodiment of this inven- 
tion, wherein the feed gas is introduced internal to 
the hollow fiber membrane cartridge and the prod- 
uct gas is removed external to the cartridge, and a 
portion of the purified product gas is used as a per- 
meate side sweep, the fraction of the product gas 
utilized as th e sweep being controlled by a flow-con- 
trol orifice. The shell-side feed membrane cartridge 
is segmented and features a countercurrent flow 
configuration with a single feed and two separate 
sweep streams. 

Figure 3 is a sectional view of a hollow fiber mem- 
brane gas purification/separation apparatus in ac- 
cordance with another embodiment of this invention 
wherein the feed gas is introduced internal to the 
hollow fiber cartridge and the nonpermeate product 
gas is collected external to the hollow fiber cartridge 
and a portion of the purified gas product is used as 
a permeate side sweep, the fraction of the product 
gas utilized as a sweep being controlled by a flow- 
control orifice. The shell-side feed membrane car- 
tridge is segmented and features a countercurrent 
flow configuration between a single feed stream 
and a single sweep stream. 
Figure 4 is a sectional view of a hollow fiber mem- 
brane gas separation apparatus in accordance with 
another embodiment of this invention wherein the 
feed gas is introduced to the outside of the hollow 
fiber membranes and the permeate waste gas is 
withdrawn through the hollow fiber lumens. The 
membrane cartridge is segmented and features a 
countercurrent flow configuration between the feed 
and permeate streams. 

Figure 5 is a sectional view of a hollow fiber mem- 
brane gas separation cartridge in accordance with 
another embodiment of this invention. The mem- 
brane cartridge is segmented into four zones and 
features a countercurrent flow configuration be- 
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tween the feed and permeate streams. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] Now referring to the drawings, preferred em- 
bodiments of the invention are described below: 
[0018] Figure 1 is a sectional view showing a hollow 
fiber membrane gas purification / separation apparatus 
in accordance with one embodiment of this invention. 
The gas purification apparatus comprises an outer 
housing body or a shell assembly defined by a bowl 
body 1 01 and a head closure, or a lid 1 02, and a hollow 
fiber membrane cartridge 103 positioned therein. The 
bowl body member 101 is essentially cylindrical in 
shape and is connected in a sealed and removable man- 
ner to a head closure member 102. The head closure 
102 connects to the axial-end portion of the bowl body 
101 in a removable manner by threads, by a bayonet 
connector, or by a flanged arrangement as shown in Fig. 
1, or by any other fluid-tight sealing arrangement. The 
head closure 102 contains a feed gas inlet port 104 and 
a purified gas outlet port 1 05. The feed and product gas 
ports can be formed in the flat part of the lid 102, as 
shown in Fig. 1 , or can be formed in a first and second 
end of the head closure and spaced in a straight line 
relative to one another, as shown in Figures 2, 3, and 4. 
The bowl 101 contains a waste gas exit port 106. 
[0019] The housing is made from a metal or a plastic 
material and is designed to accommodate the hollow fib- 
er membrane gas purification cartridge 103 placed in a 
chamber formed by the exterior of the housing. The ap- 
paratus of this invention is designed to operate at ele- 
vated feed pressure with a low feed to nonpermeate 
product pressure drop. The feed gas can be processed 
at a pressure as high as 100 atm or higher and is fre- 
quently processed at feed pressures from about 8 to 10 
atm. 

[0020] The hollow fiber membrane gas purification 
cartridge of this invention is positioned in the chamber 
formed by the exterior housing. The cylindrical hollow 
fiber membrane cartridge is connected in a sealed and 
removable manner by its first terminal axial end formed 
by the cap 1 07 to the lid 1 02 and with its second terminal 
axial end formed by the cap 1 08 to the waste gas outlet 
port 1 06 In the bowl 101. The cartridge can be attached 
to the bowl or to the lid by threaded connections. The 
connections between the cartridge and the lid and the 
cartridge and the bowl are sealed with o-rings that pro- 
vide a fluid-tight seal between the feed, nonpermeate, 
and permeate streams. 

[0021 ] The hollow fiber membrane cartridge 1 03 com- 
prises an annular hollow fiber membrane bundle 1 09 ar- 
ranged around the hollow core tube member 110, sur- 
rounded by a shell 111 (optional) and axial end closures 
orcaps 107 and 108. The shell 111 is provided to protect 
the cartridge during handling and/or for structural sup- 
port and can be omitted in some embodiments. The bun- 
dle 109 is formed by a multiplicity of hollow fiber mem- 


branes uniformly arranged around the tubular member 
110. The tubular core member is shown to extend 
through the entire length of the cartridge. However, in 
some embodiments, the core member can extend only 
5 partially through the bundle. The primary function of the 
core member is to provide a flow conduit into or out of 
the bundle. It can also serve as a structural support. One 
preferred method of forming a uniformly structured hol- 
low fiber bundle is by winding the hollow fibers around 
10 the tubular member 1 1 0. Both ends of the hollow fiber 
membrane bundle 109 are encapsulated in tubesheets 
1 1 2 and 1 1 3 in a fluid-tight arrangement with one end of 
the inner core tube member 110 opening out of the 
tubesheet 113. The tubesheet ends are severed to allow 
15 for unobstructed gas flow from and into the hollow fiber 
lumens. The exposed hollow fiber membrane bundle 
between the tubesheets 112 and 113 may be encased, 
as shown in Fig. 1, with an essentially nonpermeable 
film barrier or a wrap 114 except for a non-encased cir- 
20 cumferential region 1 1 5 adjacent to the tubesheet 113. 
The wrap 114 is designed to prevent the gas from by- 
passing the hollow fiber bundle body and to improve uni- 
formity of gas flow through the bundle. The gas flow pas- 
sageways in the membrane cartridge 1 03 are arranged 
25 to provide for a thermodynamically efficient countercur- 
rent flow of gas streams between the shell side and the 
lumen side of the hollow fiber membranes. The feed gas 
is introduced into the hollow fiber bundle 109 through 
openings 116 in the tubular core member 110 and the 
30 nonpermeate product gas is removed through the gap 
115 and openings 117 in the external shell 111. The 
openings 116 and 117 are positioned adjacent to the 
tubesheet 1 1 2 and 1 1 3, respectively. The permeate gas 
is withdrawn through the open ends of the hollow fiber 
35 lumens on the axial surface of the tubesheet 112. This 
flow arrangement ensures a substantially countercur- 
rent flow of the feed gas with respect to the permeate 
gas. The cartridge 1 03 is further equipped with a flow- 
control orifice 1 1 8 that provides for introduction of a f rac- 
40 tion of the nonpermeate gas as a sweep. The orifice 1 1 8 
is preferably a replaceable orifice attached to the cap 
107 by a thread or a similar detachable arrangement. 
The placement of the orifice 118 can be omitted from 
the embodiments that do not require the use of the 
« sweep gas internal to the cartridge. Furthermore, the 
cartridge 103 shown in Fig. 1 can be converted from a 
cartridge that utilizes the sweep to a cartridge that does 
not utilize the sweep by sealing the gas passageway in 
the orifice 118. 

50 [0022] It is well known in the art that the sweep gas 
can be introduced into the lumens of the hollow fibers 
through an uncoated hollow fiber section adjacent to a 
tubesheet distal from the permeate removal end. Prep- 
aration of membrane cartridges with such internal 

55 sweep configuration is disclosed in US Patents 
4,687,578 and 6,180,168. It is within the scope of this 
invention to utilize coated hollow fiber membranes con- 
taining an uncoated section to be used for introduction 
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of the sweep gas. In such embodiments the flow control 
orifice can be omitted. Furthermore, in such embodi- 
ments the tubesheet 113 can be left unsevered since 
the need for introducing the sweep gas through the 
tubesheet has been eliminated, and the flow channel in 
the internal core member 110 can be optionally directly 
connected to a gas flow port in the lid 102, eliminating 
the need for the end cap closure 1 07 as well. 
[0023] In the gas purification / separation process of 
this invention the feed gas is introduced into the appa- 
ratus through the feed port 1 04 that connects to tubular 
core member 110. The hollow tubular core member 
serves as a gas transport conduit. The feed gas is then 
channeled through openings 116 into the shell side of 
the hollow fiber membrane bundle 1 09 wherein the feed 
gas is brought into contact with the exterior of hollow 
fiber membranes. The feed gas stripped of the undesir- 
able impurities that were removed by permeation into 
the hollow fiber lumens is then transported through the 
gap 1 1 5 and openings 1 1 7 in the exterior cartridge shell 
and is collected as a product nonpermeate gas through 
the exit port 105. A fraction of the nonpermeate gas is 
directed through the orifice 118 into the hollow fiber lu- 
mens and is used as a sweep gas on the permeate side 
of the hollow fibers. The combined permeate / sweep 
flow stream is removed from the apparatus as a waste 
gas through the port 106, The orifice 118 is an inter- 
changeable flow-control orifice that is sized to allow a 
predetermined amount of nonpermeate gas to be used 
as a sweep. The amount of sweep gas in turn deter- 
mines the level of product purity. The amount of sweep 
gas as a fraction of the product gas can vary from 0.01 
to 0.8 and is typically between 0.1 and 0.4. The advan- 
tageous feature of the cartridge of this invention is that 
the same cartridge can be used to generate different pu- 
rity products by simply changing the size of the orifice. 
The cartridge can be used for gas separation applica- 
tions that do not require the use of sweep gas by simply 
blocking or eliminating the orifice 118. 
[0024] The apparatus shown in Fig. 1 utilizes a hollow 
fiber membrane cartridge wherein the feed gas is intro- 
duced internal to the cartridge and the nonpermeate gas 
is withdrawn external to the cartridge. However, it will 
be obvious to those skilled in the art that the design can 
be modified to allow for a reverse flow configuration. 
[0025] Figures 2, 3 and 4 show sectional views of the 
gas separation devices of this invention, which employ 
hollow fiber membrane cartridges that are segmented 
into concentric flow zones. The cartridges feature shell 
side feed configuration with permeate gas removal 
through the hollow fiber lumens. The cartridges in Fig. 
2 and Fig. 3 further contain a provision of utilizing a frac- 
tion of the product gas as a sweep on the permeate side 
of the membrane internal to the device. The cartridges 
exhibit a countercurrent flow configuration between the 
gas stream on the shell side and lumen side of the hol- 
low fiber membrane, respectively. The feed gas flow on 
the shell side and the permeate/sweep gas flow on the 


lumen side in the concentric zones of the segmented 
hollow fiber cartridge are controlled to minimize concen- 
tration gradients along the hollow fibers to minimize 
back mixing , thus enhancing mass transfer and render- 
5 ing the device more efficient. 

[0026] Figure 2 is a sectional view showing a hollow 
fiber membrane gas purification/separation apparatus 
in accordance with another embodiment of this inven- 
tion. The apparatus shown in Fig. 2 utilizes a hollowfiber 
10 membrane cartridge that is divided into a number of con- 
centric zones wherein the feed gas is introduced internal 
to the cartridge and the nonpermeate gas is withdrawn 
external to the cartridge. The gas purification apparatus 
comprises an outer housing body or a shell assembly 
is and a hollow fiber membrane cartridge 203 positioned 
therein. The outer housing is defined by a bowl body 
member 201 that is essentially cylindrical in shape and 
is connected in a sealed and removal manner to a head 
closure member or a lid 202. The lid 202 connects to 
20 the axial-end portion of the bowl body 201 in a remova- 
ble manner by a bayonet connector or by any otherfluid- 
tight sealing arrangement. The head closure 202 con- 
tains a feed gas inlet port 204, a purified gas outlet port 
205, and a gas flow conduit 206. The feed and product 
25 gas ports are formed in a first and second end of the 
head closure 202 and are spaced essentially in a 
straight line relative to one another. The gas transfer 
conduit 206 is positioned coaxially to the housing body 
and is in fluid communication with the inlet port 204. The 
30 bowl 201 contains a waste gas exit port 207. 

[0027] The cylindrical hollow fiber membrane car- 
tridge 203 is connected in a sealed and removable man- 
ner by its first axial end defined by the cap 211 to the 
gas transfer conduit 206 in the head closure 202 and 
35 with its second axial end defined by the cap 212 to the 
waste gas outlet port 207 in the bowl 201 . 
[0028] The hollow fiber membrane cartridge 203 com- 
prises a segmented annular hollow fiber membrane 
bundle 208 arranged around the hollow core tube mem- 
40 ber 209, surrounded by shell 210 and axial end caps 
21 1 and 212. The shell 21 0 is provided primarily for pro- 
tection during cartridge handling and/or for structural 
support and can be omitted in some embodiments. The 
bundle 208 is formed by a multiplicity of hollow fiber 
« membranes uniformly arranged around the tubular 
member 209 In two concentric zones 213 and 214 sep- 
arated by a flow channel 215. One preferred method of 
forming a uniformly structured hollow fiber bundle is by 
winding the hollow fibers around the tubular member 
50 209. Both ends of the hollow fiber membrane bundle 208 
are encapsulated in tubesheets 216 and 217 in a fluid- 
tight arrangement with one end of the inner core tube 
member 209 opening out of the tubesheet 216. The 
tubesheet ends are severed to allow for unobstructed 
55 gas flow from and into the hollow fiber lumens. The ex- 
posed hollow fiber membrane bundle between the 
tubesheets 21 6 and 217 is encased, as shown in Fig. 2, 
with essentially nonpermeable film barriers or wraps 
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21 8 except for non-encased circumferential region 21 9, 
220 and 221 adjacent to the tubesheets. The barriers 
218 divide the cartridge into three concentric zones / 
flow channels, i.e., two hollow fiber membrane sections 
213 and 214 with a flow channel 21 5 interspersed ther- 
ebetween. The membranes in the first and second con- 
centric sections can be the same or different. If the mem- 
branes in both sections are the same, the barrier place- 
ment is frequently selected such as to divide the mem- 
brane area equally between the two sections of the car- 
tridge. The channel 215 is formed by placing a flow 
spacer or a net between hollow fiber regions 213 and 
214. The gas flow passageways in the membrane car- 
tridge 203 are arranged to provide for a thermodynam- 
ically efficient countercurrent flow arrangement be- 
tween the feed / nonpermeate stream on the shell side 
and the permeate / sweep stream on the lumen side of 
the hollow fiber membranes, respectively. The feed gas 
is introduced into hollow fiber cartridge 203 through 
openings 222 in the internal core member 209 and the 
nonpermeate product gas is removed through openings 
223 in the external shell 21 0. The openings 222 and 223 
are positioned adjacent to the tubesheets 217 and 21 6, 
respectively. The permeate gas is withdrawn through 
the open ends of the hollow fiber lumens in the axial sur- 
face of the tubesheet 217. This flow arrangement en- 
sures a substantially countercurrent flow of the feed gas 
with respect to the permeate gas. The cartridge 203 is 
further equipped with a flow-control orifice 224 that pro- 
vides for introduction of a fraction of the nonpermeate 
gas as a sweep. The orifice 224 is positioned in cap 21 1 . 
The orifice 224 is preferably a replaceable orifice at- 
tached to the cap by a threaded or a similar detachable 
arrangement. 

[0029] In the gas purification/separation process of 
this invention the feed gas is introduced into the appa- 
ratus shown in Fig. 2 through the feed port 204 that con- 
nects to gas transport conduit 206. The feed gas is then 
transported into internal core member 209. The feed gas 
is channeled through the openings 222 into the shell 
side of the hollow fiber membrane bundle in zone 213 
wherein the feed gas is brought into contact with the ex- 
terior of hollow fiber membranes. The gas exits from the 
first hollow fiber section 213 through the gap 219 and is 
transported to the opposite end of the cartridge through 
the channel 215. The gas reenters the second hollow 
fiber section 214 through the gap 220 wherein the gas 
direction is again reversed and exits this section through 
the gap 221 . The gas stripped of the undesirable impu- 
rities that were removed by permeation into the hollow 
fiber lumens in sections 213 and 214 exits the hollow 
fiber through the openings 221 in the external shell 210 
and is collected as a product nonpermeate gas through 
the exit port 205. A fraction of the nonpermeate gas is 
directed through the orifice 224 into the hollow fiber lu- 
mens and is used as a sweep gas on the permeate side 
of the hollow fibers in zones 21 3 and 2 1 4. The combined 
permeate / sweep flow stream is removed from the ap- 


paratus as a waste gas through the port 207. The orifice 
224 is a flow-control orifice that is sized to allow a pre- 
determined amount of nonpermeate gas to be used as 
a sweep. The amount of sweep gas in turn determines 
5 the level of product purity. Figure 3 is a sectional view 
showing a hollow fiber membrane gas purification / sep- 
aration apparatus in accordance with another preferred 
embodiment of this invention. The apparatus shown in 
Fig. 3 utilizes a segmented hollow fiber membrane car- 
10 tridge wherein the feed gas is introduced internal to the 
cartridge and the product nonpermeate gas is collected 
external to the cartridge. The gas purification apparatus 
comprises an outer housing body or a shell assembly 
and a hollow fiber membrane cartridge 303 positioned 
15 therein. The outer housing is defined by a bowl body 
member 301 that is essentially cylindrical in shape and 
Is connected in a sealed and removable manner to a 
head closure member, or a lid 302. The lid 302 connects 
to the axial-end portion of the bowl body 301 in a remov- 
20 able manner by a bayonet connector or by any other 
fluid-tight sealing arrangement. The head closure 302 
contains a feed gas inlet port 304, a purified product gas 
outlet port 305, and a gas flow conduit 306. The feed 
and product gas ports are formed in a first and second 
25 end of the head closure 302 and are spaced essentially 
in a straight line relative to one another. The gas flow 
conduit 306 is placed coaxially to the housing body and 
in fluid communication with the feed port 304. The bowl 
301 contains a waste gas drain port 307. 
30 [0030] The cylindrical hollow fiber membrane car- 
tridge 303 is connected in a sealed and removable man- 
ner by its first axial end to the gas flow conduit 306 in 
the lid 302 and with its second axial end to the waste 
gas outlet port 207 in the bowl 301 . 
35 [0031 ] The hollow fiber membrane cartridge 303 com- 
prises a segmented annular hollow fiber membrane 
bundle 308 arranged around the hollow core tube mem- 
ber 309, surrounded by a shell 310 and axial end clo- 
sures or caps 311 and 312. The cap 312 contains an 
40 internal partition that is sealed against the tubesheet 
31 6. The bundle 308 is formed by a multiplicity of hollow 
fiber membranes uniformly arranged around the tubular 
member 309. One preferred method of forming a uni- 
formly structured hollow fiber bundle is by winding hol- 
45 low fibers around the tubular member 309. The hollow 
fiber bundle 308 is divided into two concentric sections 
or zones 313 and 314. The hollow fiber membranes in 
zones 313 and 314 can be the same or different. If the 
hollow fibers in both zones are identical, the zones pref- 
50 erably will contain an essentially equal amount of mem- 
brane area. Both ends of the hollow fiber membrane 
bundle 308 are encapsulated in tubesheets 31 5 and 31 6 
in a fluid-tight arrangement with one end of the inner 
core tube member 309 opening out of the tubesheet 
55 315. The tubesheet ends are severed to allow for unob- 
structed gas flow from and into the hollow fiber lumens. 
The exposed hollow fiber membrane bundle between 
tubesheets 315 and 316 is encased with essentially 
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nonpermeable film barriers or wraps 317 and 318 ex- 
cept for non-encased circumferencial regions 319 and 

320 adjacent to tubesheets 315 and 316, respectively. 
The barriers divide the cartridge into two concentric 
zones / flow channels. The barriers are placed such as 5 
to optimize cartridge performance. The gas flow pas- 
sageways in the membrane cartridge 303 are arranged 

to provide for a thermodynamically efficient countercur- 
rent flow arrangement between the feed/nonpermeate 
stream on the shell side of the hollow fiber membranes 10 
and the permeate/sweep stream on the bore side of the 
hollow fiber membranes, respectively. The cartridge 303 
is further equipped with a flow control orifice 321 that 
provides for introduction of a fraction of the nonperme- 
ate gas as a sweep. The orifice 321 is positioned in the is 
cap 312 such that the sweep gas is introduced into the 
lumens of the hollow fibers In the external hollow fiber 
cartridge section 314 only. The placement of the orifice 

321 can be omitted from the embodiments that do not 
require the use of sweep gas. The feed gas is introduced 20 
into the shell side of the hollow fibers through openings 

322 in the core member 309 and the nonpermeate prod- 
uct gas is removed through opening 323 in the external 
shell 310. The permeate gas from the lumen side of the 
hollow fiber membranes is withdrawn through the waste 25 
gas exit port 307. 

[0032] In the gas purification / separation process of 
this invention, the feed gas is introduced into the appa- 
ratus of Fig. 3 through the feed port 304 that connects 
to the tubular core member 309. The feed gas is then 30 
introduced sequentially into the first and second zone of 
the cartridge wherein the feed gas is brought into con- 
tact with the shell side of the hollow fiber membranes. 
The gas stripped of undesirable impurities that were re- 
moved by permeation into the lumens of the hollow fib- 35 
ers is then transported through the opening 323 in the 
shell 310 and is collected as a product nonpermeate gas 
through the exit port 305. A fraction of the nonpermeate 
gas is directed through the orifice 321 into the lumen 
side of the hollow fibers in the external section 314 of <o 
the cartridge. The combined permeate / sweep gas 
stream exiting the external section 314 is then redirect- 
ed as a sweep into the lumens of the hollow fibers of the 
internal section 313 and is used as a sweep gas on the 
permeate side of the hollow fibers located in this section. 45 
The combined permeate / sweep flow stream that exits 
the internal section 315 is removed from the cartridge 
through the waste gas exit port 307. The orifice 321 is 
a flow-control orifice that is sized to allow a predeter- 
mined amount of nonpermeate gas to be used as a so 
sweep. The amount of sweep gas in turn determines the 
level of product purity. The cartridge 303 can be used 
for gas separation applications that do not require the 
use of the sweep gas by simply blocking or eliminating 
orifice 321. 55 
[0033] Figure 4 is a sectional view showing a hollow 
fiber membrane gas purification / separation apparatus 
in accordance with another embodiment of this inven- 


tion, wherein the feed gas is introduced to the outside 
of the hollow fiber membranes and the permeate waste 
gas is withdrawn through the hollow fiber lumens. The 
gas purification apparatus comprises an outer housing 
body or a shell assembly and a hollow fiber membrane 
cartridge 403 positioned therein. The outer housing is 
defined by a bowl body member 401 that is essentially 
cylindrical in shape and is connected in a sealed and 
removable manner to a head closure member, or a lid 
402. The lid 402 connects to the axial-end portion of the 
bowl body 401 in a removable manner by a bayonet con- 
nector or by any other fluid-tight sealing arrangement. 
Preferably the housing is a standard gas filtration shell 
utilized extensively in the art that is adopted to house 
the hollow fiber membrane gas purification cartridge of 
this invention. 

[0034] The head closure 402 contains a feed gas inlet 
port 404, a purified gas outlet port 405, and a gas flow 
conduit 406. The feed and product gas ports are formed 
in a first and second end of the head closure 402 and 
are spaced essentially in a straight line relative to one 
another. The gas flow conduit 406 is positioned coaxially 
to the housing body and in fluid communications with 
gas inlet port 404. The bowl 401 contains a permeate 
gas exit port 407. 

[0035] The cylindrical hollow fiber membrane car- 
tridge 403 is connected in a sealed and removable man- 
ner by its first axial end to the gas flow conduit 406 in 
the lid 402 and with its second axial end to the waste 
gas outlet port 407 in the bowl 401 . 
[0036] The hollow fiber membrane cartridge 403 com- 
prises a segmented annular hollow fiber membrane 
bundle 408 arranged around the hollow core tube mem- 
ber 409, surrounded by the shell 410 and axial end caps 
41 1 and 41 2. The bundle 408 is formed by a multiplicity 
of hollow fiber membranes uniformly arranged around 
the tubular member 409. Both ends of the hollow fiber 
membrane bundle 408 are encapsulated in tubesheets 

413 and 414 in a fluid-tight arrangement with one end 
of the inner core tube member 409 opening out of the 
tubesheet 41 3. The end of the tubesheet 41 3 is severed 
to allow for unobstructed gas flow from the hollow fiber 
lumens in section 415 and into the hollow fiber lumens 
of section 41 6. Only the region corresponding to the sec- 
tion 416 of the tubesheet 414 is severed to allow the 
flow of gas out of the hollow fiber lumens of this section. 
The exposed hollow fiber membrane bundle between 
the tubesheets 413 and 414 is encased, as shown in 
Fig. 4, with essentially nonpermeable film barriers or 
wraps 421 and 422 except for non-encased circumfer- 
ential regions 417 and 418 adjacent to the tubesheets 

414 and 413, respectively. The gas flow passageways 
in the membrane cartridge 403 are arranged to provide 
for a thermodynamically efficient countercurrent flow ar- 
rangement between the feed / nonpermeate stream on 
the shell side and the permeate on the lumen side of the 
hollow fiber membranes, respectively. The feed gas is 
introduced into the hollow fiber bundle 408 through 
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openings 41 9 in the tubular core member 409 and the 
nonpermeate product gas is removed through openings 
420 in the external shell 41 0. The openings 41 9 and 420 
are positioned adjacent to the tubesheets 41 3. The per- 
meate gas is withdrawn through the open ends of the 
hollow fiber lumens of section 416 in the axial surface 
of the tubesheet 414. This flow arrangement ensures a 
substantially countercurrent flow of the feed gas with re- 
spect to the permeate gas. In the gas purification / sep- 
aration process of this invention the feed gas is intro- 
duced into the apparatus of Fig. 4 through the feed port 
404 that connects through conduit 406 to the tubular 
core member 409. The feed gas is channeled through 
the openings 419 into the shell side of the hollow fiber 
membranes in section 415, wherein the feed gas is 
brought into contact with the exterior of hollow fiber 
membranes. The feed gas stripped of a portion of the 
fast gas permeating components is then transported 
through gap 41 7 into the shell side of hollow fiber in sec- 
tion 416 wherein an additional fraction of the fast gas 
permeating components is removed. The gas stripped 
of the fast gas permeating components that were re- 
moved by permeation into the hollow fiber lumens in 
sections 415 and 416 is then transported through the 
openings 420 in the external shell 410 and is collected 
as a product nonpermeate gas through the exit port 405. 
The permeate gas collected from the lumens of the hol- 
low fibers in section 41 6 is directed as a sweep into the 
lumens of the hollow fibers in section 415. The com- 
bined permeate gas from both sections is then removed 
from the device through the exit port 407. The flow dy- 
namics in cartridges with exceedingly low length to di- 
ameter ratio can be further improved by increasing the 
number of sections while maintaining an overall coun- 
tercurrent flow configuration between the gas streams 
on the shell side and the lumen side of the hollow fiber 
membranes. An example of such a cartridge with four 
concentric sections is shown in Fig. 5. 
[0037] The cartridge is divided into four concentric 
sections with the feed gas being introduced internal to 
the cartridge and channeled progressively through the 
shell side of each section. The retentate gas is with- 
drawn external to the cartridge. The feed gas direction 
is reversed upon entry into each consecutive section. 
[0038] A controlled amount of nonpermeate gas is in- 
troduced as a sweep into the external-most section of 
the cartridge through a fixed orifice positioned in the top 
cap. The sweep gas, combined with the permeate gas, 
is then channeled progressively from each external- 
most section to the next one and is finally removed from 
the cartridge through the exit port in the top cap. Parti- 
tions that are placed in both the top and bottom caps 
and which are sealed against the tubesheets force the 
combine sweep and permeate streams that emerge 
from the hollow fiber lumens of each section into the hol- 
low fiber lumens in the next concentric section. A coun- 
tercurrent feed-to-permeate flow arrangement is main- 
tained in each section. 


[0039] The membrane gas separation devices of this 
invention are frequently utilized in conjunction with pre- 
filtration equipment, such as coalescing filters that re- 
move oil and water droplets, particle filters, and carbon 
5 traps that are used to remove heavy hydrocarbon va- 
pors that can be harmful to membrane operations. In 
some embodiments, membrane separation apparatus 
is employed in conjunction with the gas post purification 
device placed in the back of the membrane separator. 
10 One of the advantageous features of the hollow fiber gas 
separation apparatus of this invention is the positioning 
of the feed and the product ports, which allows for com- 
pact integration with prefiltration and/or post purification 
devices. The housing that contains the hollow fiber 
*s membrane cartridges of this invention is of a design ex- 
tensively used in the gas filtration field. The feed en- 
trance port of the membrane housing can be connected 
to the outer ports of the filtration housing of a similar 
design, wherein the feed and outlet ports of both hous- 
20 ings are spaced essentially in a straight line for a short 
overall distance. Analogous connections can be made 
between the hollow fiber membrane gas separation ap- 
paratus and a post purification apparatus providing for 
a linear connection of feed and product ports of a short- 
25 est possible distance that is preferred in system pack- 
aging. 

[0040] The apparatus of this invention can be used in 
a number of gas separation and gas purification appli- 
cations. Assemblies that incorporate the use of a frac- 

30 tion of the nonpermeate gas as a permeate side sweep 
are particularly useful for removal of water vapor from a 
pressurized gas stream, such as the dehydration of 
compressed air and natural gas. Water vapors can con- 
dense in the membrane apparatus during dehydration 

35 operation, in particular, when the feed gas saturated 
with water vapor is introduced into a membrane device 
maintained at a temperature below that of the incoming 
gas. The membrane gas dehydration devices of this in- 
vention can be further equipped with a liquid drain as- 

40 sembly, which is preferably positioned in the lower sec- 
tion of the housing body. The devices of this invention 
can be further equipped with a heating jacket / heating 
mantle if the gas separation operation above an ambient 
temperature is preferred. In other embodiments the de- 

45 vices of this invention can be used to generate nitrogen- 
enriched air by separating oxygen from nitrogen, to re- 
move volatile organic hydrocarbons from air, and for nat- 
ural gas sweetening by preferential permeation of car- 
bon dioxide and the like gas separation applications. In 
50 these gas separation processes, the nonpermeate gas 
is recovered at elevated pressure as a product. The ap- 
paratus of this invention can be further utilized for gas 
separation processes that generate product gas by per- 
meation through the membrane, such as hydrogen re- 
55 covery from hydrogen-containing gas streams. The per- 
meate product gas is collected in these cases through 
the permeate gas port at a reduced pressure, and the 
nonpermeate gas at elevated pressure is recovered 
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through the nonpermeate gas exit port. 
[0041 ] The term "comprising" is used herein as mean- 
ing "including but not limited to", that is, as specifying 
the presence of stated features, integers, steps or com- 
ponents as referred to in the claims, but not precluding 
the presence or addition of one or more other features, 
integers, steps, components, or groups thereof. 
[0042] Specific features of the invention are shown in 
one or more of the drawings for convenience only, as 
each feature may be combined with other features in 
accordance with the invention. Alternative embodi- 
ments will be recognized by those skilled in the art and 
are intended to be included within the scope of the 
claims. 


Claims 

1 . A hollow fiber membrane gas separation apparatus 
comprising (i) a housing body defined by an essen- 
tially cylindrical bowl connected in a sealed and re- 
movable manner in correspondence with its axial 
end portion to a lid, wherein said lid having formed 
therethrough a feed gas inlet port and an outlet non- 
permeate gas port and wherein said bowl being pro- 
vided with a permeate gas exit port placed coaxially 
to said housing body, and (ii) a substantially cylin- 
drical hollow fiber" membrane gas separation car- 
tridge placed coaxially in said housing body and 
connected in a sealed and removable manner with 
its first axial end to said feed gas inlet port or said 
nonpermeate gas outlet port in the said lid and with 
its second axial end to said permeate gas outlet port 
in the bowl, said cartridge includes: 

(a) an elongated tubular inner core member in 
communication with said feed gas inlet port or 
said outlet nonpermeate gas port, 

(b) a substantially cylindrical hollow fiber mem- 
brane bundle positioned coaxially to and at 
least partially surrounding said inner core mem- 
ber constructed from hollow fiber membranes 
having permeate and nonpermeate sides, said 
bundle being characterized as having a sub- 
stantially countercurrent flow arrangement be- 
tween the gas flow on said permeate side and 
the gas flow on said nonpermeate side, 

(c) a first and second tubesheet encapsulating 
the opposite ends of the said hollow fiber bun- 
dle in a fluid-tight arrangement with one end of 
the inner core member opening out of one of 
the said tubesheets to permit flow of gas in or 
out of said inner core member, said tubesheets 
are severed to permit unobstructed flow of gas 
in and out of the hollow fiber lumens, 

(d) a first and second end closure attached to 
said tubesheets in a fluid-tight arrangement, 
wherein said first end closure is in fluid commu- 


nication with said waste gas exit port, and 
wherein said second closure is equipped with 
a flow control orifice that allows a portion of the 
nonpermeate gas to be used as a sweep gas 
5 on the permeate side of said hollow fibers. 

2. The apparatus of claim 1 wherein said hollow fiber 
membranes are wound around said tubular inner 
core member. 

10 

3. A process for separating at least one gas compo- 
nent in a multicomponent gas mixture from at least 
one other gas component in said multicomponent 
gas mixture by bringing said mixture into contact 
with a first side of the hollow fiber gas separation 
membranes having a first and a second side, said 
membranes being assembled in a hollow fiber 
membrane apparatus of claim 1 , permeating a por- 
tion of said one gas component to the second side 
of said hollow fiber membranes and recovering a 
nonpermeate gas depleted from said one gas com- 
ponent from the first side of said hollow fiber mem- 
branes and utilizing a fraction of said nonpermeate 
gas as a sweep on the permeate side of the hollow 
fiber membranes. 

4. A gas separation process of claim 3 wherein said 
gas mixture is a compressed air stream or a high 
pressure natural gas stream and said one gas com- 
ponent is water vapor. 

5. A concentric multiple zone hollow fiber membrane 
cartridge adapted for shell side feed comprising: 

(a) an elongated tubular inner core member in 
communication with said feed gas inlet port or 
said nonpermeate gas outlet port, 

(b) a substantially cylindrical hollow fiber mem- 
brane bundle positioned coaxially to and at 
least partially surrounding said inner core mem- 
ber constructed from hollow fiber membranes 
having permeate and nonpermeate sides, said 
bundle being characterized as having a sub- 
stantially countercurrent flow arrangement be- 
tween the gas flow on said permeate side and 
the gas flow on said nonpermeate side, 

(c) a first and second tubesheet encapsulating 
the opposite ends of said hollow fiber bundle in 
a fluid-tight arrangement with one end of the in- 
ner core member opening out of one of the said 
tubesheets to permit the flow of gas in or out of 
said inner core member, said tubesheets are 
severed to permit unobstructed flow of gas in 
and out of the hollow fiber lumens, 

(d) at least one impermeable wall member ex- 
tending longitudinally through said bundle and 
partitioning said bundle into at least the first and 
second section with the hollow fiber mem- 
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branes partitioned between said sections, 
wherein said impermeable wall member con- 
tains a passageway in close proximity to one of 
said tubesheets, 

(e) the first and second end closure attached to 5 
said tubesheets in a fluid-tight manner wherein 
said first closure is in fluid-tight communication 
with said permeate gas exit port. 

A hollow fiber membrane gas separation apparatus io 
comprising (i) a housing body defined by an essen- 
tially cylindrical bowl connected in a sealed and re- 
movable manner in correspondence with its axial 
end portion to a lid wherein said lid having formed 
therethrough a feed gas inlet port and a nonperme- is 
ate gas outlet product port, and wherein said bowl 
being provided with a permeate gas exit port placed 
coaxially to said housing body, and (ii)a concentric 
multiple zone hollow fiber membrane cartridge 
adapted for shell side feed placed coaxially in said 20 
housing body and connected in a sealed and re- 
movable manner with its first axial end to said feed 
gas inlet port or said nonpermeate outlet port in the 
lid and with its second axial end to said permeate 
gas outlet port in the bowl, said cartridge includes: 25 

(a) an elongated tubular inner core member in 
communication with said feed gas inlet port or 
said nonpermeate gas outlet port, 

(b) a substantially cylindrical hollow fiber mem- 30 
brane bundle positioned coaxially to and at 
least partially surrounding said inner core mem- 
ber constructed from hollow fiber membranes 
having permeate and nonpermeate sides, said 
bundle being characterized as having a sub- 35 
stantially countercurrent flow arrangement be- 
tween the gas flow on said permeate side and 

the gas flow on said nonpermeate side, 

(c) a first and second tubesheet encapsulating 

the opposite ends of said hollow fiber bundle in *o 
a fluid-tight arrangement with one end of the in- 
ner core member opening out of one of the said 
tubesheets to permit the flow of gas in or out of 
said inner core member, said tubesheets are 
severed to permit unobstructed flow of gas in 45 
and out of the hollow fiber lumens, 

(d) at least one impermeable wall member ex- 
tending longitudinally through said bundle and 
partitioning said bundle into at least the first and 
second section with the hollow fiber mem- so 
branes partitioned between the said sections, 
wherein said impermeable wall contains a pas- 
sageway in close proximity to one of said 
tubesheets, 

(e) the first and second end closure attached to 55 
said tubesheets in a fluid-tight manner wherein 
said first closure is in fluid communication with 
said permeate gas exit port. 


7. The apparatus of claim 6 wherein hollow fiber mem- 
branes in said first and second section exhibit dif- 
ferent gas separation properties. 

8. The apparatus of claim 6 wherein said cartridge 
contains at least three concentric sections that con- 
tain hollow fiber membranes. 

9. The apparatus of claim 6 wherein said cartridge 
contains four concentric sections that contain hol- 
low fiber membranes. 

1 0. A hollow fiber membrane gas separation apparatus 
comprising (i) a housing body defined by an essen- 
tially cylindrical bowl connected in a sealed and re- 
movable manner in correspondence with its axial 
end portion to a lid, wherein said lid having formed 
therethrough a feed gas inlet port and an outlet non- 
permeate gas port and wherein said bowl being pro- 
vided with a permeate gas exit port placed coaxially 
to said housing body, and (ii) a substantially cylin- 
drical hollow fiber membrane gas separation car- 
tridge placed coaxially in said housing body and 
connected in a sealed and removable manner with 
its first axial end to said feed gas inlet port or said 
nonpermeate gas outlet port in the said lid, and with 
its second axial end to said permeate gas outlet port 
in the bowl, said cartridge includes: 

(a) an elongated tubular inner core member in 
communication with said feed gas inlet port or 
said outlet nonpermeate gas port, 

(b) a substantially cylindrical hollow fiber mem- 
brane bundle positioned coaxially to and at 
least partially surrounding said innercore mem- 
ber constructed from hollow fiber membranes 
having permeate and nonpermeate sides, said 
bundle being characterized as having a sub- 
stantially countercurrent flow arrangement be- 
tween the gas flow on said permeate side and 
the gas flow on said nonpermeate side, 

(c) a first and second tubesheet encapsulating 
the opposite ends of said hollow fiber bundle in 
a fluid-tight arrangement with one end of the in- 
ner core member opening out of said second 
tubesheet to permit the flow of gas in or out of 
said inner core member and said first tubesheet 
severed to permit unobstructed flow of gas out 
of the hollow fiber lumens, 

(d) an end closure attached to said first tubesheet 
in a fluid-tight arrangement wherein said end clo- 
sure is in fluid communication with said permeate 
gas exit port, and wherein said hollow fibers in 
said bundle are coated except for a narrow re- 
gion adjacent to said second tubesheet, the un- 
coated region allowing a fraction of the nonper- 
meate gas to be used as a sweep on the perme- 
ate side of the hollow fiber membranes. 
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(57) A hollow fiber membrane gas separation appa- 
ratus of a compact design suitable for separation and 
purification of gases is disclosed. The apparatus com- 
prises an outer housing that consists of a detachable 
bowl and a head closure, and a removable hollow fiber 
membrane cartridge positioned therein. The cartridge 
contains several concentric separation zones and pro- 
vides for efficient countercurrent flow configuration be- 
tween the feed gas on the shell side and the permeate 
sweep gas on the lumen side of the hollow fiber mem- 
branes. 
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